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ABSTRACT 


During this reporting period, work has progressed in fabrication and 
characterization of solar <xUs from UCP wafers and LASS ribbons. Gettering tests 
applied to UCP wafers made little change on their performance compared with 
corre^onding baseline data. Advanced processes such as SJ, BSP, and MLAR were also 
applied. While BSP by A1 paste had shunting problems, cells with S3 and BSP by 
evaporated Al, and MLAR did achieve 1(^.1% AMI on UCP silicon.. 

The study of LASS material was very preliminary. Only a few ceils with S3, BSR, 
(no BSP) and MLAR were completed due to mechanical yield problems after lapping the 
material. Average efficiency was 10.7% AMI with 13.4% AMI for CZ cmitrois. 
Relatively high minority carrier diffusion lengths were obtained. The lower than expected 
3sc oxjid be partially explained by low a^'tive area due to irregular sizes. 
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INTRODUCTION 


The objective of this program is to investigate^ develop* and utilize technologies 
appropriate and necessary lor improving the efficiency of solar cells made from 
various unconventional silicon sheets. During the reporting period, work includev: 
fabrkation and evaiuation of solar cells from UCP (SEMIX) material and LASS 
ribbons (Energy Material). Attempts were made to getter some UCP wafers. In 
addition, advanced processes such as shallow junction (S3) which is always 
accompanied with narrow close spaced grid lines, back surface field (BSF) or 
back Sijrface reflector (BSR), and multi-layer AR coating (MLAR) were applied 
to selected samples of UCP or iKwizontal ribbon silicon. The results from UCP 
cells were compared to the baseline processed cells. Also some effort was made 
to study material properties of UCP silicon. 


II. 


TECHNIC At DBCUSSiON 


A. Solar edit ftomCMtlMOtlifUMqultouiOryBmitinftoct«(UCrt 

1.0 Wiiriint Solar Coll Fihriaitlon 

Six (6) polycrystalline UCP wafers (lOxlOcm) representing six (6) different 
groups of material were delivered. Each wafer was polished and cut to 2x2cm 
blanks with their position marked (see Figure 1 for the positions). Vith the 
orientation of each wafer and its position in each group of material known, one 
can use the results of the cell performance to correlate with the properties of 
each material group. 

All wafers were polycrystalilne with mm size grains. Measured resistivity was 
about 3 ohm-cm. A baseline process was applied to fabricate solar cells. Refer 
to reference (1) for the details of UCP process; reference (2) details the baseline 
process. 

2.0 Solar Cell Ferformance and Characterization 
Characteristics Under Illumination 

Solar cell parameters, such as 3sc, Voc, CFF, and T| were measjred under AMI 
conditions at 28^C test block temperature. The results of the cells are 
summarized in Table 1 and all the parameters are listed in Appendix III. One can 
see from the Table that the cell p>;rformance was relatively uniform. The few 
cells which had shunting problems showed inclusions under microscope 
observation. Figure 2 shows microscopic pictures of the inclusions observed in a 
cell which showed severe shunting problems. 

Analysis of data and visual observation indicated that the variation of 3sc was 
related to the grain size of the material and the average 3$c was lower than the 
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CZ control by more then 11%. The lower Voc could be pertly eocounted for by 
slightly higher restotWlty of the meterlel («>3Ghm<m) then the CZ contrr>l (<^1 
ohm-cm). The everege efficiency wes con»iderebly bwer then the CZ control} 
10.6% versus 13.1%. 


Absolute spectrel reqx>nse (A/W) wes meesured using the filter wheel setup. 
(See Reference 2 for de tells.) Plots of die req>onse of representetive cells 
without AR coeting ere given in Flgis« 3. T!m UCP Mils geve lower response 
then the CZ conh’ol ceil, especially et long wevelength (^0.6isn)^ Miggestlng 
redded minority cerrler diffusion length. 

tiinority Cerrier affusion Lstetth 

Effective minority cerrier diffusion length (L^) wes obteined using the short 
circuit current method (see Reference 2 for deteils) of the finished solar cells. 
Results from selected samples are summarized in Table 2 in which short circuit 
current density information is given in right hand colirnm for reference. The 
table indicates a range of around 20-70itfn. 

Ptw t oresponee By SmeM Llritf Spot Sc e im i n K 

Localized photoresponse of the UCP solar cells was obteined by light scanning. 
(Refer to Appendix of Reference (1) for details of the measurement.) Typical 
scanning results are given b Hgures end 3. Figure represents scanning of a 
cell which is relatively free from grain boundaries, and Figure 3, response of a 
cell with small grain structure. Tfie cell with smaller grains showed reduced 
response, and wide spatial variations. Photore^)onse of the CZ control cells are 
shown. 
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The Above two Mctiont were reproduced from the Annuel Report (Phite in) for 
ease of reference. 

The figures indicete that re^Ksnie in the bidk of the UCP cell is lower then ^ 
CZ controls. 

3.0 GettwingTeet 

The gettering process used was to polish the wafer, POCl^ ditfusion at 875^0 
for 30 minutes, and etch by 2ii3i3 (HF-HNO 3 CH 3 COOH) to remove the junction. 
After thm getterad layers were removal, the baseline process was used to make 
2x2cm ceils. (The baseline process involved conservative diffusksn, grids with 
91% active area, and $10 AR coating.) Solar cell parameters (Isc, Voc, CPF, 
and were measured imder AMI at 28^C test block temperature. 

Tabte 3 summarizes the results ot the gettering test. (All parameters are listed 
in Appendix III.) On comparir^ with Table 1, no increase in output can be seen as 
a result of the gettering. The cells made from corresponding slices (0,E, etc) 
were fairly close for both tests 

4.0 tigh Efficiency Proceeds 

A totil of four attempts were macw to labr^ate high efficiency ceils from the 
UCP material. The first two attempts were made with S3, BSF by aiumimen 
paste and MLAR. The third attempt was made with S3, BSR (no BSF), and 
MLAR, arKl the fourth was made with S3, BSF by ev^K»rated A1 md MLAR. (See 
Reference (2) for description of processes.) For the evaporated A1 BSF, a 
( 2 um) Ai layer was evaporated and was alloyed for 13 minutes at tOO^C. Parailei 
baseline solar ceils were fabricated, for the second attempt because it used new 


wafer! without prtvioui baiaUnt ptrformanco. Tha other taeti were performed 
on material with baeeline rnuitt r e po r t e d in Table i. 

Table! t-7 Mmmarize the rewitt for the four attempt! while Tabte 8 diow! the 
parallel baeeUne miar cell! for the !ocond attempt. AH the detailed parameter! 
are li!ted in Appendix III. 

The reailt! of A1 paete by BSP a! dMwn in Table t and 5 were very dbappolntlng* 
There were many damting problem! a! reflected in the bw CPF. For thoM cell! 
with reaeonable CPP» dtere were no obeervable improvement of Voc ae compared 
with baeeline reeulte (Table 1 of and Table 8.) Shuntli^ problem! in Ai paete by 
BSP have been often obeerved in the paet. It wae believed to be caueed by 
incomplete alloying of Al in the bad< au’face and eometlme Ai contamination on 
the front. The phyetoal cauees of such effect! are not fully underetood. A 
recent attempt by Ojiik and Katz of SEMIX (Reference 3) to explain it by a 
r.iodel of parallel junction P/N^ in the back aurface for area! that fall to alloy, 
cannot be applied in this ose, for there was no in the back surface which was 
protected by a layer of CVD oxide during diffusion. Also notice that the 
shunting in the control cell b the second attempt (Table 5) was much less than 
the UCP material. This suggeAs a material-related problem. In these two 
attempt! the best UCP Si cell was 13.2% AMI. The expected increase of 3 k 
from S3 and MLAR was mainly responsible for the increase here, b order to by- 
pass the BSP problem, two apptoaches were attempted. Pfarst, c^ were 
fabricated with an evaporated BSR only. Table 6 shows that there was reduced 
shunting. The other approadt UMd a 2um evaporated Al layer alloyed to form 
PSP. The results are summarized in Table 7. As expKted, ttUs BSP method dy 
not have severe shuntbg problems aMoclated with Al paste BSP method. Also an 



incrtMC of Voc wm dttectod. The Voc of 31# mV Is et iMSt lOmV 

higher then any prevloui Voc value on UCP silicon. The highest AMI "T^velut 
was l#.l% and Is the highest value for UCP silicon to date bi thMe tests. 


SgectralR^gonee 

Absolute spectral reqKif^ (A/W) n Msurenmits were made using a filter wheel 
set-up. Response versus waveleng^ selected cells are given in Figure 6 end 
Figure 7. Ornr cm see that both the bkie and red responses dl KR cMls (Figure 
6) is lower than the evaporated A1 BSF cells (Figure 7). This Is not only a BSF 
effect since tlw BSF <k)es not affect bhie response, but most likely is caiMed by 
less effective MLAR coating. 

3.0 CorreUtlon WithSEliPC Work 

Two reports (Reference # and 3) describ* SEMIX processed cells on UCP SI. The 
Table 1.1 of Reference # is reproduced) it shows the results from 2x2 cm cells on 
an early brick of UCP Si* These results, which used a cell (Mocess aomewhc^re 
between ASEC baselkie and high efficiency processes, are similar to the results 
quoted above (Table 1 and 7). 

In a later report, using similar proceteir^ for thousands of large area cells 
(92cm gave average ^ values between 8.93 and 10.09% (Table 2.1 in 
Reference 5). 


6.0 Material Study On UCP a 

It ^'ss mentioned earily that dte small variation of 3sc was related to the grain 
site of the material (Section 2.0). bi ordte to understand the effects of the grain 
boundaries on the performance of dte cells, m EMC study was carried out on 
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Mkrtcd cells t»y 3PL* Figure SA wes the result of EBTC on ceil D-l-l (by S. 
Hylend of 3PL). Figure SB was the actual picture of grain boundary of wafer 0-7 
which is from the same portton of the crystal and the enclosed region 
correiponds to the area In Figure SA. One can see there exists a corre s pondence 
between the grab) boundary and the dark lines of the EBIC. These Iridlcate that 
many ot the grain boundaries are electrically active, and would have an influence 
on the lifetime of the material. More detailed study h n eeded to further our 
knowledge of the relationship between matetial properties and solar cell 
performance of fhe UCP macerial. 


10 cm 


Shown here are the cells' number and their positions with the orientation 
of the wafer pre-determined. 
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(a) 



FIGURE 2. 


(b) 

Microscopic Photographs of Inclusions 
.(or Precipitates) Observed in UCP Wafers 
200X Magnification, (a) From a Cell 
(#E-13), (b) Prom a Cell (#E5) . 
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FIGURE 6 

SPECTRAL RESPONSE OF SELECTED UCP SOLAR CELLS WITH SJ, BSR, (NO BSF) 

AND MLAR 
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SPECTRAL RESPONSE OF SELECTED UCP SOLAR CELLS WITH SJ. BSF BY EVAPORATED 

AL AND MLAR 
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CFF 

(%) 

n 

(%) 

NO.OF 

CELLS 

78 

1 

79-79 

10.9 

0.5 

9.9-11.8 

19 

76 

2 

70-79 

10.6 

^.7 

9.h-12.0 

15 

76 

1 

73-77 

10.7 

0.9 

9.7-11.1 

12 

76 

2 

70-78 

11.0 

.6 

9.5-11.7 

12 

72 

10 

49-78 

9.9 
1 .5 

5.5-11.2 

12 

75 

2 

72-78 

10.9 

0.5 

9.9-11.5 

13 

76 

99-79 

10.6 

5.5-12.0 

78 


78 

1 


77-79 





















































CELL NO. 

Ljj(um) 

3sc(mA/cm^) 
(No AR) 


A-5-10 


18.6 

GOOD CELLS 

B-3-5 

72 

19.2 


D-3-I 

63 

18.7 


A- 5- 15 

kk 

17,6 

AVE.CELLS 

C-I-I4 

US 

17.6 

• 

E-7-1 

U6 

17.6 


A-5-12 

28 

16.3 

BAD CELLS 

^3-2 

23 

16.2 


F-3-6 

37 

16.3 


CONTROL «2 


177 


20.5 























VodmV) 

2 

3sc(mA/cm ) 

CFF(%) 

rjm 


AVE. 

557 

25.8 

73 

10.5 

D5 

S.D. 

7 

.8 

7 

1.14 


RANGE 

5<»6-564 

24.4-26.9 

50-77 

6.9-11.4 


AVE. 

543.8 

25.4 


9.4 

E5 

S.D. 

24.9 

.7 


2.0 


RANGE 

470-558 

23.6-26.4 

31-76 

3.6-10.1 


AVE. 

554.6 

25.0 

72 

10.0 

T5 

S.D. 

16.9 

.88 

9 

1.5 


RANGE 

498-570 

23.9-26.5 

40-79 

4.9-11.2 


AVE. 

580 

27.9 

75.5 

12.2 

CZ 

S.D. 

2.8 

.46 

2.1 

.36 

CONTROL 

RANGE 

576-582 

27.4-28.5 

73-78 

11.9-12.7 


L8- 










































TABLE) 


SUMMARY OF UCP CELLS WITH S3. BSF 
BY Al PASTE AND MLAR (2ND ATTEMPT) 


CELL 


Voc (mV) 

2 

Jsc (mA/cm ) 

CFF (%) 

(%) 


AVE. 

526 

26.7 

64 

0 ^ 
7,\J 

G-2 

S.D. 

9 

0.7 

9 

1.4 

(1) Cells) 

RANGE 

510-544 

25.9-27.8 

47-74 

6.7-11.5 


AVE. 

537 

27.2 

68 

10.0 

H-2 

s.n. 

8 

1.3 

6 

1.1 

(14 Cells) 

RANGE 

530-552 

23.4 

56-78 

7.9-11.3 


AVE. 

398 

32.5 

73 

14.2 

CZ 

Control 

S.D. 

9 

0.5 

9 

2.0 

(12 Cells) 

RANGE 

580-610 

31.6-J3.1 

46-79 

8.6-15.9 



-20 



















Voc (mV) 


Jsc(mA/cm^) 


CFF (%) 


(%) 


BEST 


UCP 

(12 Ceils) 

AVE. 

S.D. 

RANGE 

572 

7 

560-584 

29.5 

.9 

23.2-31.1 

78 

1 

77-80 

13.2 

.6 

12.4-14.1 

14.1% 


AVE. 

595 

31.7 

80 

15.1 


CZ 







CONTROL 

S.D. 

1 

.4 

1 

.2 

15.4% 

CELLS 








RANGE 

594-596 

31.2-32.2 

79-81 

14.7-15.4 
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TABLES 


H; 


SUMMARY OF BASELINE UCP CELLS FROM THE 


I I 

CORRESPONDING MATERIAL IN TABLE 1 | 


CELL 


Voc (mV) 


CFF (%) 

(9S) 


AVE. 

543 

24.8 

75 

10.0 

G-4 

S.D. 

7 

1.1 

3 

.7 

(16 Ceils) 

RANGE 

530-556 

20.9-25.9 

63-78 

84-10.9 


AVE. 

546 

24.9 

75 

10.2 

H-3 

S.D. 

5 

.6 

2 

.4 

(15 Cells) 

RANGE 

538-552 

24.0-26.0 

70-77 

9.6-10.8 


AVE. 

584 

27.8 

76 

12.3 

CZ 






CONTROL 

S.D. 

4 

.2 

3 

.6 

(7 Ceils) 

RANGE 

576-586 

27.5-78.0 

68-78 

11.0-12.7 


( 

1 

! 

I 

I 
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TADLC 9 


SUNHARY OP LIGHT I-V DATA FOR 2 CM X 2 CM CELLS 


BRICK CELL 
LOCA- NUMBER 


TION 



MIDDLE 


BOTTOM 


4726- 


A3-1 


A3-2 


A4-3 


A4-4 


B3-1 


B3-2 


B3-3 


B3-4 


B 


B4-2 


B4-3 


B4-4 


C3-1 

C3-2 

C3-3 

C3-4 

C4-1 

C4-2 

_C4-3_ 

C-*-4 


FROM BRICK 4726(UCP MATERIAL) 


AMI SHORT OPEN 

CURCUIT CIRCUIT 

CURRENT DENSITY VOLTAGE 
( MA/Cm2 ) 



AMI 

• 

CONVERSION 

FILL 

EFFICIENCY 

FACTOR 

_ (%l 



A3- 3 

29 

568 

.73 

12.0 

A3-4 

30 

564 

.70 

11.9 

A4-1 

31 

574 

.65 

11.5 

A4-2 

30 

543 

.51 

m 

. 

00 


30 

572 

.76 

28 

542 

.48 

31 

560 

in 

. 

25 

561 

.71 

29 

572 

.66 

30 

574 

.67 

29 

551 

.48 

30 

577 

.76 

29 

569 

.72 

19 

486 

.48 

21 

507 

.48 

18 

513 

.66 

18 

520 

.72 

19 

525 

.68 

18 

486 

.52 

18 

515 

.66 

18 

508 

.65 


12.8 


.2 


9.8 


10.0 


10.9 


.5 


7.8 


13.1 


11.9 


.3 


5.2 


6 . 



+ It is a reproduction of Table 1.1 from Reference 4. 
^Cells broken during processing 
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B. 


Solar CeUs From LASS Process 


1.0 Solar Cell Fabrication 

The ribbons were made by the LASS process (Energy Materials). Advanced 
processed solar cells were fabricated from two ribbons. Because of the 
uneveness of the surface of this material, especially on the dendritic side, 
lapping was needed to prepare the samples and consequently some of the samples 
were very thin. BSR was applied to most of the samples while BSF was applied 
to a selected few. The yield was low on these cells mainly because of the 
thinness of many of the blanks. In the future, special thin cell processing will 
possibly be used with this material if necessary. 

2.0 S olar Cell Performance and Characterization 
Characteristics Under lUumiration 

Finished solar cells were tested under AMI conditions at 28°C test block 
temperature. Table 9 lists tne results of the cells. The only surviving BSF cell 
was shunted and was not included. The low Osc of cells can be partially 
explained by lower active area, and the lack of a BSF, an essential for cells as 
thin as 5-6 mil. 

Spectral Response 

Absolute spectral response (A/W) was obtained using a filter wheel set-up. 
Response versus wavelength of selected cells are given in Figure 9. The blue 
response was relatively low, probably because of MLAR variations in different 
runs. 

Minority Carrier Diffusion Length 

Minority carrier diffusion length (Lq) for selected finished cells was measured by 
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the same filter wheel set-up using the short circuit current method (Reference 
2). The results were listed in Table 10. The values of the ribbons are fairly 
high for this material. The main problem was the scarcity of samples, this will 
be remedied in later tests, allowing a better evaluation of the true material 
quality. 


SPECTRAL RESPONSE OF SOLAR CELLS FROM LASS MATERIAL 























TABLE 11 


EFFECTIVE MINORITY CARRIER DIFFUSION LENGTH OF 
SOLAR CELLS MADE FROM LASS MATERIAL 


CELLS // 

Ljj (urn) 

1-2 

76 

1-4 

76 

2-4 

83 


Control CZ //3 


167 



III. 


CONCLUSIONS AND RECOMMENDATIONS 


ycp 

o From the initial wafers, gettering process proved to be unfruitful. For 
advanced processing, A1 paste by B5F proved to have shunting problems 
while BSF by evaporated A1 was reasonably effective and the best cell was 
14.1%. 

o EBIC study showed that most grain boundaries were electricaly active, but 
the overall effect of grain boundary on cell performance did not seem to be 
large. 

LASS 

o Due to the uneveness ui the material, lapping was necessary and there was a 
severe yield problem. The efficiency of the cells averaged 10.7% vith 
13.4% on CZ control (advanced process without BSF). 

The minority carrier diffusion lengths of the material were quite good, but 
the average 3sc was not as high as expected. This may be due to the 
irregular area of the final samples which reduced active area, and to the 
thinness of the sample. Since the number of cells were small, more work is 
needed for to determine the quality of the material as potential solar cell 
material. 

Also, some attempt should be made to fabricate cells on the non-dendritic 
side of unlapped ribbons to see how they perform. 
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WORK PLAN STATUS 


The following silicon sheets are expected in processing and evaluation during the 
next period. 

0 A UCP ingot will be sliced and studied to find out if any variation exists as a 
function of position. 

0 More gettering tests will be performed on UCP silicon. 


V 
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APPENDIX II 


ABBREVIATIONS 




I 

*SCR* 

I 

‘SCB* 



‘max* 

V 

MAX- 

BSF: 

BSR: 


HEM: 

EFG: 

SOC: 

RTR: 

UCP; 

SPV: 

MLAR: 


Open Circuit Voltage 
Short Circuit Current 
Short Circuit Current Density 

Short Circuit Current (Red Response) at Wavelength Above .6um 

Short Circuit Current (Blue Response) at Wavelength Below .6um 

Cup ' ill Fictor 

Solar Cell Conversion Efficiency 

Minority Carrier Diffusion Length (D.L.) 

Current at Maximum Power Point 
Voltage at Maximum Power Point 
Back Surface Field 
Back Surface Reflector 
Bias Voltage 

Diode Saturation Current 
Heat Exchanger Method 
Edge Defined Film-Fed Growth 
Silicon on Ceramic 
Ribbon-to-Ribbon 
Ubiquitous Crystallization Process 
Surface Photo voltage 
Multi-Layer Anti-Reflective 
Series Resistance 


ortiOUiAu PAGE IS 
ORIGINAL PAGE IS OF POOR QUALITY 

OF POOR QUALITY 
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ELECTRICAL DATA SHEETS FOR UCP MATERIAL 
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TEST CONDITION: 
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ELECTRICAL DATA SHEETS FOR LASS MATERIAL 



















